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INTRODUCTION 
The solution of many engineering problems 
requires an estimation of soil shear strength. In the 
design of highways, both slope stability analyses and 
foundation designs are dependent upon correct shear 
strength input to yield safe, economical solutions. 
Current methods of estimating shear strength involve 
removal of a soil sample from its natural state and 
subsequent laboratory testing in which the in situ 
conditions are artificially duplicated. This method is 
both expensive and time consuming. 
Elimination of •oil disturbance due to sampling and 
maintenance of in situ stresses on tne soil prior to testing 
can be completely assured only if the sample is tested 
in place. Dutch cone penetration testing offers the 
advantage of in situ testing together with a substantial 
savings in time and money. However, two questions 
must be answered by engineers in applying Dutch cone 
data to design problems: I) Does Dutch cone 
penetration testing yield a true estimate of in situ shear 
strength? and 2) How should the results of Dutch cone 
penetration testing be interpreted? This research was 
directed towards obtaining some of the answers to these 
questions. 
CONCLUSIONS 
I. In situ shear strength, as measured by triaxial tests, 
was shown to be approximately 80 percent of the 
Dutch cone sleeve friction. 
2. Further research is needed b�fore Dutch cone data 
alone can be used as an accurate predictor of soil 
shear strength. However, the Dutch cone can 
predict shear strength when used in conjunction 
with conventional sampling and testing techniques. 
It is especially useful in determining the variation 
of shear strength with depth. 
3. Rock fragments can terminate or lead to erratic 
readings in the Dutch cone penetration test. This 
tends to limit the sites at which the test can be 
used, or several penetrations in the vicinity of a 
given location may be requjred to obtain data. 
BACKGROUND 
The Dutch cone was first manufactured in 194(/ 
at the Soil Mechanics Laboratory of the Technical 
University at Delf, Netherlands, in conjunction with 
Goudsche Machinefabriek of Gouda. The cone, shown 
in Figure I, is attached to hollow sounding tubes and 
pushed into the soil to the desired depth. The cone tip 
is then extended to position B, as shown, by loading 
the push rods inside the sounding tubes. The load 
required to advance the cone tip is divided by the tip 
area (10 cm2) and termed cone resistance, qc. 
In 19 53, Begemann (1) suggested the addition of 
a movable sleeve just behind the cone for the purpose 
of measuring lateral friction. Adoption of the friction 
sleeve produced the cone shown in Figure 2. The cone 
tip is advanced to position B, as before; then the sleeve 
is engaged and both cone and sleeve are advanced to 
position C. Data reduction is covered in the section on 
TESTING PROCEDURE. The Dutch cone penetrometer 
conforms to the recommendations of the International 
Society of Soil Mechanics and Foundation (1961) (2) 
and ASTM proposed test method, "Deep, Quasi-Static 
Cone Penetration Test" (1973) (2). 
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Figure l. Dutch Cone. 
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Dutch Cone with Friction Sleeve. 
Results of Dutch cone penetration tests have been 
correlated with standard penetration tests ( 3, 4, 5 ), pile 
load tests (6, 7, 8), plate loading tests (2), and field 
vane shear tests (9, 10 ). The Dutch cone has also been 
used to predict bearing capacity (3 ), settlement 
magnitudes ( 11 ), and soil type (12, 13, 14 ). 
Determination of in situ shear strength of London 
clay, using the Dutch cone, was investigated by Thomas 
(1965) (15). Thomas concluded that "cone penetration 
resistance of London clay may be interpreted in terms 
of undrained shear strength" and proposed that cone 
resistance was approximately 18 times the undrained 
shear strength. 
G. E. Blight (1967) (1 0) compared shear strengths 
as determined from unconsolidated, undrained triaxial 
testing and Dutch cone testing with the shear strengths 
calculated from stability analyses of landslides. He 
concluded that the field vane and Dutch cone values 
compared well, but both overestimated the calculated 
strengths by a factor of 2. Since the unconsolidated, 
undrained triaxial testing agreed well with calculated 
strengths, r uu = q0/30 was recommended for use with 
the Dutch cone data. 
Analytic equations for shear strength parameters, 
c' and ¢', in terms of bearing capacity factors, shape 
factors, penetrometer dimensions, and cone resistance 
were derived by Mitchell (1 6) in 1973, and model tests 
were used to verify these equations. Solutions for c' and 
rp' using these equations involve a trial and error 
approach. 
Correlation of friction resistance, as measured by 
the Dutch cone friction sleeve, with shear strength was 
conducted at the University of Kentucky by Cleveland 
(1971) (14). He concluded that friction resistance was 
a better measure of in situ shear strength than cone 
resistance. 
TESTING PROCEDURE 
The Dutch friction cone penetrometer is shown in 
the various sounding positions in Figure 3. The cone 
Is advanced to the desired depth by loading only the 
hollow sounding tubes. The penetration of cone tip and 
sleeve is accomplished by loading the push rods. The 
cone tip is first extended 4 em, then the cone tip and 
sleeve are extended an additional 4 em. The loads 
required for tip, and tip plus sleeve penetration, are 
indicated by the load cell shown in Figure 4. The load 
cell can be easily mounted on a drill rig, as shown by 
Drnevich ( 5 ). 
By loading the hollow sounding tubes, as before, 
the cone is both retracted to its original position and 
advanced to a new depth, where the testing procedure 
2 
Sounding Tube-
Push Rod --
Friction Sleeve-
Figure 4. Dutch Cone Load Cell. 
Figure 3. Dutch Cone with Friction Sleeve in the 
Various Sounding Positions. 
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is repeated. The vertical distance between individual 
soundings is usually 20 em; however, continuous 
sounding data may be obtained, if desired. 
By subtracting cone tip load from cone tip plus 
sleeve load, the sleeve load is obtained. The load 
required for cone tip advancement is divided by the cone 
area (1 0 cm2) and the load required for sleeve 
advancement is divided by the sleeve area (ISO cm2) 
to yield cone resistance, qc, and friction resistance, f8, 
respectively. A third quantity, friction ratio (FR), is the 
ratio of friction resistance to cone resistance. These 
quantities may then be graphically displayed by plotting 
them versus depth, as shown in Figure 5. 
The base of the cone tip and the friction sleeve 
have the same diameter. Thus, the resistance 
encountered by the friction sleeve, f8, is due to friction 
acting on a cylindrical soil·steel interface. The rate of 
penetration is constant (2 cm/s) (2). This rate suggests 
that undrained conditions exist during testing. 
No method of test has yet been developed to yield 
a positive determination of in situ shear strength. The 
most widely accepted method of determining shear 
strength parameters is the laboratory triaxial test. 
However, in situ stresses on the sample are removed in 
the sampling process and some sample disturbance is 
inevitable. Although the results of triaxial testing are 
not absolute, it is widely used and accepted. Therefore, 
Dutch cone penetration test results were correlated with 
shear strength by triaxial testing. 
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The common strength parameters. c' and ¢', as 
determined by triaxial testing. are nut sufficient to 
define the shc:..�r stress on the failure pl<Jnc. These 
para111cters define a failure envelope in ter111s of effective 
st1-css. The actual shear stress at failure is Jependent 
upon the normal c!"fcctive stress on the failure plane 
and is unknown. To overcome this problem. initial in 
situ conditions were duplicated for one sample of each 
set of triaxial tests by consolidating; it to the mean in 
situ effective stress. For soils investigated, an estimate 
of K0 was made using Figure 20.8 from Lambe and 
Whitman ( 17). An overconsolidation ratio of 
approximately 1.5 was assumed. This gave a K0 of 
approximately 0.62. Consequently, the isotropic 
confining pressures in the triaxial test were calculated 
rrom 
(I) 
yielding 
a'consol. = 3 a
'
v 14- (2) 
Following isotropic consolidation, the drainage lines 
were dosed and the sample loaded axially, thereby 
reproducing undrained failure. 
3.0 
OWEN COUNTY 
An example nf a plot of triaxial test data is shown 
in Figure 6. Note tlwt the stress path method (18, Jl)) 
is used to show the continuous stress chant.l' durin� 
loading. A stress path is the locus or points with 
coordinates p' :::: (a' 1 + o'3)/� and q :::: (u' 1 o'3)i2, 
as calculated from triaxial test data. A Mohr circle. or 
radius q, with center at (p'. 0) can he drawn for each 
point in the stress path. At least one point on a triaxial 
stress path corresponds to a condition of failure. Triaxial 
tests at other confining pressures produce independent 
stress paths. each also having at least one point 
corresponding to a condition of failure. A line through 
the points of failure is the Kr line. 
Tests under in situ conditions were used to 
determine the shear stress on the failure plane, Tr· By 
assuming in situ failure stresses are mobilized when the 
in situ stress path intersects the Kr line, the Mohr circle 
at failure can be defined from the point of intersection. 
This point has coordinates p'r =(a' If+ a'3f)/2 cmd qr 
= (a' If - a'3rl/2. The value of Tf may be determined 
from qf and ¢'. Derivation of the equation 
(3) 
is shown in Figure 7. Since lines BC and CD arc radii 
of the Mohr circle, they are both equal to qf in lcngt h. 
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Figure 7. Derivation of the Equation 1 f 
Line AB is equal to Tf in length. The angle formed by 
the intersection of AB and BC is ¢'. The above 
information applied to the right triangle, ABC, yields 
the solution for rf. 
RESULTS 
The four sites investigated in this research are 
described in the APPENDIX, and index properties of 
the soils encountered at these sites are shown in Table 
1. Results of Dutch cone penetration testing and triaxial 
testing performed on undisturbed samples from these 
sites are summarized in Table 2. A statistical analysis 
of the data produced a regression line with the equation 
f5 = 1.28 Tf to describe the data as shown in Figure 
8. 
Work done by Cleveland (14) in 1971 yielded 
similar results. When subjected to the same statistical 
analysis, Cleveland's data resulted in an equation of fs 
= 1.19 rf. However, Cleveland reproduced in situ 
conditions in an unconsolidated, undrained triaxial test 
by applying stresses equal to the full overburden 
pressure to the sample. In this research, in situ 
conditions were reproduced in a consolidated, undrained 
triaxial test by applying effective stresses equal to 3/4 
of the overburden pressure. 
Combining data from the research reported herein 
with Cleveland's data resulted in a regression equation 
of fs � 1.24 Tf (see Figure 9). 
DISCUSSION 
Experimental scatter may be expected in both 
triaxial and Dutch cone testing. Triaxial test scatter can 
be caused by disturbances during sampling and trimming 
of the specimen and vertical variation in the soils tested 
for a given set of triaxial data. In situ conditions were 
11duplicated" in the triaxial test by isotropic 
consolidation of the specimen using a value of K0 equal 
to 0.62. Lateral in situ stresses arc difficult, at best, 
to predict and most certainly varied for the soils tested. 
Dutch cone soundings were taken at various 
distances from the bore holes from which the 
undisturbed samples were taken. Any lateral variation 
in soil properties could lead to a variation in shear 
strengths, which in turn could produce scatter unrelated 
to the test methods. 
As can be seen from the example plot in Figure 
5, values of fs are not constant over the depth interval 
(0.62 · 0.94 m or 2 - 3 ft) of most samples. However. 
scatter in values of fs as compared with values of qc 
is considerably less. (This is one distinct advantage to 
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TABLE 1 
INDEX PROPERTIES OF SOILS AT THE 
FOUR TEST SITES 
NATURAL CLASSIFICATION 
LIQUID PLASTICITY MOISTURE 
LOCATION DEPTH DEPTH LIMJT 
(FEET) (METERS) 
Owen Co. 0- 40 0.0- 12.2 40 
Owen Co. 40- 60 12.2 - !8.3 37 
Fayette Co . 0- 30 0.0. 9.1 36 
Boyd Co. 0. 45 0.0 - 13.7 35 
Lawrence Co. IS � 25 4.6 . 7.6 21 
Borehole 11 A 
Lawrence Co. 0- 20 0.0. 6.1 24 
Borehole SA 
the use of the friction sleeve over the cone readings for 
shear strength interpretation.) The value of fs used in 
correlation with Tf is an average of fs values obtained 
at tile same depth interval from which the sample was 
taken. 
Corrolations shown in this report indicate the 
Dutch cone can be used as an indicator of in situ shear 
strength. Dutch cone testing can be performed quicker 
and easier than boring and sampling and can provide 
a continuous profile of in situ conditions rather than 
data obtained from samples at selected intervals. 
One major disadvantage to the use of the Dutch 
cone penetrometer in Kentucky soils is the fact that 
rock fragments (36 mm or larger), when encountered 
by the cone tip, will produce erratic readings {2) or halt 
penetration entirely. In many cases, several soundings 
in the vicinity of a given location have to be made to 
obtain the entire profile. Since the major portion of 
Dutch cone penetration testing in this research was 
performed on highway embankments, rock fragments 
were frequently encountered and full penetration was 
often impossible. 
INDEX CONTENT UNIFIED AASHO GRADATION 
(%) (%) 
19 20 CL A-7-6(20) Sand - 4 
Sill - 46 
Clay - 50 
16 27 CL A-6(16) Sand - 3 
Silt - 56 
Clay - 41 
18 24 CL A-6 Sand - 20 
Silt - 39 
Clay - 41 
14 II CL A-6 Sand- 19 
Silt - 41 
Clay · 40 
20 SM A-4 Sand - 60 
Silt - 26 
Clay - 14 
4 21 ML - CL A-4 Sand - 45 
Silt - 36 
Clay - 19 
RECOMMENDATIONS 
1. This research has shown the shear strength of soils 
investigated, as measured by triaxial tests, is 
approximately .80 percent of the sleeve friction. 
For increased confidence, the correlation for a 
given site should be established by performing 
triaxial tests on samples from that site. 
2. The Dutch cone should be used in soils that are 
relatively free from rock fragments. 
3. Further research should be directed toward: I) 
assessing the effect on Tf of variations in triaxial 
test procedure, 2) better duplication of in situ 
stresses in the triaxial test through a better estimate 
of K0, and 3) accumulation of correlation data on 
specific soil types. 
7 
TABLE 2 
SUMMARY OF TRIAXIAL AND DUTCH CONE DATA 
TRIAXIAl DATA DUTCH CONE DATA 
SITE BOREIIOLE SAMI'LE{S) TESTED DEPTH DEPT'' 'I ' SOUNDING LOCATION r lie -, 
NO. (fEET) {METERS) (kg/�m-) NO (kg.!�lll�) (kg;cm-) --- - - - --�- ·- - - --
Owen Co. JA. 3B 15 . " 4.6 . 5.2 I.OH S'(l .5 m) from 1.7.1 22.1 
4A 20 - " 6.1 . 6.7 BH No. I 
Owen Co. SA. 5B 25 - 17 7.6 - H.2 1.27 'i'(I.S m} from �-2.1 42.0 
BH No. I 
Owen Cu. 6A. 68 30 - 32 <J.I • 9.1! 0.97 5'(1.5 Ill) from 2.5H 21>.1 
BH No. I 
Owen Co. 7A. 78, 7C 35 - 37 10.7 . 11.3 I.IH 5'(1.5 m) from 1.31\ 20.3 
BH N<>. I 
Owen Co. OA 45 . 47 13.7 - 14.3 0.51 5'(1 .5 m) from 0.31\ 12 .. "i 
II A, liB. rrr 55 . 57 lb.� - 17.4 BH No. I 
Owen Co. lOA so . " 15.2 - ]5.8 O.'iS 5'(1.5 •n) frmn 0.40 '1.7 
II A. liB. rrc 55 . 57 16.H - 17.4 811 No. I 
Fayctl" Co. 2A, 28 15 " 4.6 . 5.2 1.03 3'(0.9 m) W of ].Jl 2.'i.1 
8H No. I 
F"yeuc Co. 3A. 38. 3C 20 . " 6.1 - 6.7 0.84 3'(0.'1 m) W of I. II 26.7 
811 No. I 
F"ycttc Co. 4A. 48 " - 27 7.6 . 8.� I. II .l'(O.'l m) w or 1.6') 4'J..l 
BH No. I 
l'aycttc C'o. lA ' ro �-4 . 3.0 0,89 4. 5. 6 7.5'(23 m) W, 1.�0 �(,,'! 
2A 15- 17 4.6 . 5.2 4'(1.2 m)W & 3'(0.9 m)E 
of BH Nl>. ' 
Boyd C't>. " 10 - " 3.0 . 3.3 1.45 67.5'(20.0 ml E I. II{ J<)_.) 
3A. JB 15- 17 4.6 . 5.2 of BH No. I 
Boyd Co. 48. 4C 20 . " 6.1 . 6.7 1.46 67.5'(20.6 Ill) E 1.62 Jl.'l 
SA 25 • 27 7.6 . 8.2 of BH No I 
Boyd Co. sr 15 . 21 7.6 . 8.2 0.99 15.5'(4,7 m) W or !.57 27.5 
B�l No 
Boyd Co. 7B. 7C 35 . JJ 10.7 . 11.3 1.60 15.5'(4.7 111) W of 2.00 41.0 
BH No. 2 
Lawrence Cu. " lB. 10 s . 7 1.s . 2.1 0.68 5'{1.5 m) S 0.91 19.3 
or Bll No. HA 
Lawrence Co. " 12· 14 3.7 . 4.3 1.!2 5'(!.5 m) S of 0.<)! .l'/.0 
8A " 10- " 3.0 . 3.7 BH No. 8A. 12'(3.7 Ill) 
SE of BH No. 8 
II 17. 21 17- " 5.1 - 5.5 65'(24.9 m) s or btl 
Lawrence Co. 21 " 6.4 - 7.0 0.11 II No. " & 5'(1.5 m) 0.90 33.2 
IIA lA 15 • 17 <.6 - 5.2 S of BH No. IIA 
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c' 
p'f 
a'consol. 
a' lf 
rp' 
NOTATION 
cohesion intcrc..:pt bnscd on effective 
stresses 
friction resistance 
coefficient of lateral stress at rest 
a' 1 /a'3 
(a' If + a'3rll2 
(a' If - a'3rl/2 
cone resistance 
effective consolidation pressure based on 
the mean principal effective in situ stress 
major principal effective stress at failure 
minor principal effective stress at failure 
normal effective stress on the failure 
plane at failure 
effective overburden stress 
shear stress on the failure plane at failure 
shear strength from u.nconsolidated, 
undrained triaxial tests 
friction angle based on effective stresses 
APPENDIX 
SITE DESCRIPTIONS 
Owen County 
Location: US 227, approach embankment to Eagle 
Creek Bridge 
Date of construction: August 1972 
Date of thin-wall tube s<.�mpling: September 197'2 
Date of Dutch cone sounding: October 1972 
Fayette County 
Location: KY 4, approach embankment to Parkers Mill 
Road Bridge 
Date of construction: 1965 
Date of thin-wall tube sampling: October 197.:.: 
Date of Dutch cone sounding: November 1972 
Boyd County 
Location: I 64, Milepost 188, eastbound lane 
embankment 
Date of construction: 1965 
Date of thin-wall tube sampling: March I 973 
Date of Dutch cone sounding: March 1973 
Lawrence County 
Location: US 23, 10 to 12 miles (18 to 22 kilometers) 
south of Louisa, Kentucky (Sta 387+00 - 390+00) 
Date of thin-wall tube sampling: February 1973 
Date of Dutch cone sounding: May 1973 
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